PAGE 1 FRIN1 DATE: 07290498

FAILURE MODES EFFECTS ANALYSIS (FMEA} -- CiL HARDWARE
NUMBER: 02-6-E24-PT -X

SUBSYSTEM NAME: HYDRAULICS

o REVISION: 1 07/24/58
PART DATA
PART NAME PART NUMEER
VYENDOE NAME VENDOR NLIMBER
LRU TRANSDUCER, PRESSURE ME445-0177

EXTENDED DESCRIPTION OF PART UNDER ANALYSIS:
TRANSDUCER, ACCUMULATOR, BOOTSTRAR, HYRRAULIC

REFERENCE DESIGNATORES:  S0V3EMTS4
S0VaEMTSS
SOVEEMTSS

QUANTITY OF LIKE ITEMS: 3
ONE IN EACH HYDRAULIC POWER SYSTEM

FURCTION:
PROVIDE RES=RVOIR PRESEURIZATION INCHCATION FOR POSITIVE HEAD PRESSURE
ON MAIN PUMP INLETS AT APU ETARTUP IN CRBIT.
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PAGE 2 FPRINT DATE: 07/ 29:95

FAILURE MODES EFFECTS ANALYSIS FMEA -- CIL FAILLIRE MODE
NUMEER: 02-6-E24-PT- 02

REVISIONE: 1 C7/24/38
SUBSYSTEM NAME: HYDREAJLICS
LRU: TEANSDHCER, PRESSURE CRITICALITY OF THIS
TTEM NAME: TRANSDUCER, PRESSURE FAILURE MODE: 1R2

FAILURE MOQE:
ERRONEDOUS PRESSURE TRANSOLICER INDICATION

MISSION PHASE: 0o ON-CRBIT
032 DE-ORBIT

VEHICLEPAYLOADIKIT EFFECTIVITY: 102 COLUMEIA
103 DMSCOVERY
104 ATLANTIS
05 ENDEAVOUR

CALUSE:
MECHANICAL FAILURE. OR RESISTANCE CHAMGE IN THE BRIDWGE ELEMENT DUHE TO AGE

RELATED MIGRC STRUCTURE FAILURE, VIBRATION, THERMAL, SHOGK. ELECTROSTATIC
DISCHARGE, AND CONTAMINATION

CRITICALITY 111 DURING INTACT ABORT ONLY? NI

REDUNDAMNCY SCREEN A| PASS

B) FAIL
C) PASS

PASS/FAIL RATIONALE:

A

B}

FAILE SCREEN"E" DUE TO BIAS HIGH READING WHICH CAMN REELILT IN FALSE INDICATION
FOR CIRCULATION PUMF ACTIVATION REESERVDIR PRESSLIRE CAM BE LUSED AS A
BACKUP TO A FAILED ACCLUMULATCOR SEMSCR WHEN RECOGNIZED. HOWEVER,
WARIABILITIES IN THE CORRELATION BETWEEN ACCUMULATOR FRESSURE AND
RESERVOIR FRESSURE COULD DISGLUISE A BIAS HIGH READING AND PREVENT
AOEQUATE REZSRCONIE PRIOR TO LOSS OF SYETEM

)
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FaGE: 3 FHINT DATE: D7/2%00GE

FAILURE MODES EFFECTS ANALYSIS (FMEA] -- CiL. FAILURE MODE
NUMBER: 02-5-E24-PT- 02

- FAILURE EFFECTS -

{A) SUBSYSTEM:

& BIAS HIGH SENSUR REARING COURPLED WATH IN-SPECIFICATION OMN-ORZIT SYDRAULIC
FLUID LEAKAGE COULD LEAD TO LOSS OF REQUIRED CIRCULATICN PURMP ACTIVATION.
THISWOULD RESULT IN LOSS OF BCOTSTRAR HYDRAULIC FLUID PRESSURE WHICH WILL
LEAD TO CORRESFONDING LOSS OF RESERVOIR PRESSURE (LOSS OF MAIN PUMP
REETART CAPABILITY) RESULTING IN LOSE OF ONE HYDREAULIC SYSTEM. A SUDDEN
SENEOR SHIFT COULD OCCUR AT ANY TIME. AN OFF-SCALE HIZH CR LOW SENSOR 15
MOT A CONCERN DUE TO DETECTARILITY. A BIAS-LOW SENSOR |2 NOT A CONCERN DLUE
TO CIRCULATION PUMP ACTIVATION NOT BEING COMPROMISED.

{B) INTERFACING SUBSYSTEM(S):

HYDRAULIC LANDING GEAR DEPLOYMENT CAPABILITY WGULD BE LOST I 5YSTEM ONE
WAS LOST. LOSS OF REDUNDANT NWS. LOSS OF ONE OF THREE HYDRAULIC POWER
SYSTEMS TO FLIGHT CONTROL SURFACES AND BRAKES.

{€) MISSION:

ASCENT/ENTRY - NO EFFECT FOR FIRST FAILURE. FUNCTIONAL TRANSDUCER NOT
REQUIRED DURING MAIN PUMP OPERATION. ORBIT - LOSS OF ONE HYDRAULIC SYSTEM
FOR ENTRY. ABORT DECISION (POSEIBLE EARLY MISSION TERMINATION IF LUNABLE TO
MAINTAIN BOOTSTRAP PRESSURE), FUNCTIONAL TRANSOLCER REQUIRED FOR
CIRCULATION PUMP SCFTWARE TO MAINTAIN BOOTSTRAP PRESSLURE MANUAL
CIRCULATION PUMP ACTIVATION EXISTS IF FAILURE IS DETECTED.

{DI CREW, YEHICLE, AND ELEMENT{S):

NO EFFECT FOR FIRST FAILURE (LOSE OF ONE OF 3 HYDRALULIC SYSTEMS) - ADEQUATE
FLIGHT CONTROL CAPABILITY EXIETS (CERTIFIED FOR SAFE RETURN WITH 2 OF 3
HYORAULIC EYSTEMS).

{E) FUNCTIONAL CRITICALITY EFFECTS:
POSSIBLE LOSS OF CREWAEHICLE WATH TWO FAILURES: THIS FAILURE, PLUE LOES OF
SECOND HYDRAULIC SYSTEM.

-DISFOSITION RATIONALE-

{A) DESIGN:
THE TRANSDUCER UTILIZES A STRAIN GAUGE PRESSURE MONITORING CONCEPT. A
BEAM WITH A STRAIN GAUGE |15 CONNECTED TO THE SENSING DHAPHRAGM WITH A




FAGE: 4 PRINT CATE: CF/20/0E

FAILLIRE MODES EFFECTS ANALYSIS (FMEA) -- CIL FAILURE MODE
NUMBER: 02-6-E24-PT-0:2

LINKAGE PIM, THE DWAFHBRAGM DEFLECTION DLE TO PRESSLRE CHANGES IS
TRAMEMTTED TO THE BEAM THROUGH THE LINK CALIZING BEAM DEFEECTION THE
ETRAIN GAUGE WILL MEASURE THIS DEFLECTION.

FOUR STRAIN GAUJGES ARE SFUTTER OR WVAPOR OEFCSITED ON AN [NSLILATING
MATERIZL AMD THEN CONMNECTED INTO 2 WHEATETONE BRINGE CIRCLTT BY SPLITTER-
PERQSITED LEADS. PRODUCTION OF VAPOR DEPOSITEDR GALGES ENDEDIN 1983 ALL
PFRODUCTS MANUFACTURED aFTER THAT TIME ARF MADE BY THE ZFLITTER
CEFQSITION PROCESS, REPLACEMENT ON THE BRACE SHUT TLE PROGEAM IS ON AN
ATTRITION BASIS.

TC ACTIVATE THE STRAMN GAGE BRIDGE. A CANTILEVERED BEAM |5 CONNECTED TO
THE DIAFHRAGH VIA A RIGID LINK PIN. AS THE DIAPHRAGM/LINK FINBEAM 3YSTEM
MOVES, TWO ARMS OF THE WHEATSTONE BRIDGE TENSE AND TWO COMPRESS. THE
RELATIONSHIP OF THESE CHANGES DICTATES THE OUTPUT OF THE SENSOR,

A TERMINAL PLATE IS POSITIONEDR ARSUND THE BRIDGE NETWORK AND CONMNECTED
ELECTRICALLY TO THE BRIDGE BY THIN LEAD WIRES. OME PIECE |5 CONNECTED TO
THE BEAM AND THE SECOND 15 CONNECTED T THE DIARHRAM. STRAIN GAUGE LEAD
WIRES CONNECT TO THE STATIONARY YOKE (STAINLESS STEEL). LEADS CONNECT THE
STATIONARY YOKE TO THE FEED THROUGH CONNECTOR, MATERIALS AND PROCESSES
USED ARE COMPATIBLE WATH THE ENWVIRONMENTAL CONDITIONS,

THE TRANSDUCER |5 DESIGNED TO EXFERIENCE MINIMUM OUTPUT SHIFT DUE TO
MOMIMAL EMVIROMMENTAL AND OFERATING CONDITIONS, ME449.-0177 SPECIFICATION
ALLOWS TRANSDUCER ZERD SHIFT OF * 2% FULL SCALE. THE TRANSDUCER IS CAPABLE
OF WITHETAMDING 1.5 TIMES MAXIMUM OPERATING PRESSURE (PROOF PRESEURE)
VATHOUT CHANGEIMNG THE CALIBRATION. ITS CONSTRUCTION 1S EMTIRELY INORGANIC
ANEY N ADDITION, HERMETICITY 15 ACHIEVED THROUGH EBE-WELDING OF ALL
F’RESSURE BEARING JOINTE.

RUPTURE/LEAKAGE OF THE TEANSDUCER IS PRECLUDED BY USE OF A PRIMARY AND
SECOMDARY BARRIER DESIKsN COMCEPT. THE PRIMARY BARRIER UTILIZES WELDED
INCOMEL COMPONENTS (THREADED FITTIMG AND DIAPHRAGK), A CASE ASSEMBLY,
INCLUDING FEED THROUGH TERMINALE 1S WELDED TO THE THEEADED FITTING TO
FROVIDE A SECONBARY BARRIER. THE SECONDARY BARRIER 15 DESIGNED FOR A
MINIMUM BURST PEESEURE GF 3 TIMES MAXIMUM OPERATING PRESSURE (FOR -B171.
THE BURST PRESELURE |5 3.75 TIMES THE OPERATING PRESSURE),

STRUCTURAL ANALYSIS INDICATES A POSITIVE MARGIN OF SAFETY FOR ALL OPERATING
CONDITICNS,

{B) TEST:

ALL STATHAM TRANSDUCERS ARE ASSEMBLED AND TESTED SUBJECT TGO 5TRICT
QUALITY ASSURANCE CONTROLS. ELECTRICAL AND TEMFERATURE TESTING STARTS
AT THE FLEXURE ASSEMBLY LEVEL; AND PRESSURE TESTING STARTS AT AN EARLY UNIT
BESEMBLY LEVEL ONCE THE FLEXURE HAS BEEN ELECTRON BEAKM WELDED TO THE
ISOLATOR
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PAGE. 5 FREINT DATE: G7/29/98

FAILURE MODES EFFECTS AMALYEIS (FMEA) —- CIL FAILURE Mi:_.'iDE
NUMBEER: 02-6-E24-PT- 02

ONCE THE SENSJR SUBASSEMELY |5 COMPLETE. THE TRANSOUCER SYSTEM 13
SUBJECTED TD FRESSURE. "TEMPEREATURE AMD ELECTRICAL TESTIMG ANDC
COMPENSATED TO ENSURE COMPLIANCE TOITS PERFORMANCE SFECIFICATION.

CUALIFICATION/CERTIFICATION:

= CERTIFICATION BY ANALY SIS
ENYIRDNMENTAL REQUIREMENTS OF MFODO4-014
» FUNGUS. OZONE. SAND, DUST
EXPLOSION FRODFING
LIGHTNING
FLUID COMPATIBILITY
TRAMSPORTATION AND PACKAGING
MECHANICAL SHOCK
STATIC ACCELERATION
OUTPUT SHORT CIRCUIT PROTECTION

= CERTIFICATION BY SIMILARITY
= USEFUL LIFE {10 YEARS OR 1G0 MISSIONS,;
= VACZUUM
=  MHUMIDITY
«  ACCELERATION

« CERTIFICATION BY TEST
-«  YIBRATION
= TEMPERATURE
= FPRIMARY BARRIER

ACCEFTANCE:
« PRESSURE TRANSDUCER PROOFED TO 8.000 P3G
« EXAMINATION OF PRODUCT
+ PERFORMAMCE TESTS:
+ INSULATION RESISTANCE
+» TEMPERATURE CALIBRATION
0,20, 40, 60, BO, 100, 80, 80, 40, 20, 0 PERCENT OF FULL SCALE PRESSURE
{4000 PSI&) AT -78 DEG F, +77 DEG F, AND 350 DEG F. RECORD ERROR DUE
TO TEMPERATURE EFFECTS. LINEARITY, RESIDUAL IMBALAMNCE,
REPEATABILITY, AND SENSITRTY
» CLEANLINESS - LEVEL 190 PER MAQ110-301.

GROUND TURNARQUND TEST
ANY TURNAROUND CHECKOUT TEETING 1S ACCOMPLISHED IN ACCORDANCE WITH
OMRED.

{C} INSPECTION:
RECEIVING INSPECTION
ALL PAW MATERIALS ARE VERIFIED BY INSPECTION FOR MATERIALS AND FROCESS

CERTIFICATION.

CONTAMINATION CONTROL
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FAGE & PRINT DATE. 07/29/95

FAILURE MQDES EFFECTS ANALY SIS [FMEA) -- CIL FAILURE MODE
NUMBER: 02.6-E24-PT- Q2

CLEANLINESS LEVEL 190 PER MAQUIG-301 IS VERIFIED BY INSFECTION CORRGSION
FROTECTION IS5 VERIFIED BY INSFECTION.

CRITICAL PROCESSES
THE FOLLOWING ARE VERIFIED BY INSPECTIHOM:

SOLDERING
WELDING

HEAT TREATMENT
FRESSURE CYCLING
FART PASSIVATION

NONDESTRUCTIVE EVALUATION
HELIUK LEAK TEST & VERIFIED BY INSPEGTEIN,

ASSEMBLYINSTALLATION

FARTS ARE INSFECTELD WISUALLY, THMENSIONALLY, AND INCREMENTALLY FER
REQUIEEMENTS. TOOL CALIBRATION IS VERIFIED BY INSPECTION. MANDATORY
INSPECTION POINTE ARE INCLUDED IN THE ASSEMELY PROCESE.

TESTING
ATFE, INCLUDING PROCOF PRESSURE TEST, IS DESERVED AND VERIFIED BY INSPECTION.

HAMDLING/PACKAGING

SPECIAL HAMDLING PER DOCUMENTELD INSTRUCTIONS IS VERIFIED BY INSPECTION TG
FEECLUDE DAMAGE, SHOCK, AND CONTAMINATION DURING COMPONENT HANDLING.
TRANSFORTING , AND FACKAGING BETWEEN WORK STATIONS.

(D) FAILLRE HISTORY:

CURRENT DATA COMN TEST FAILURES. FLIGHT FAILURES, UNEXPLAINED aNOMALIES. AND
OTHER FAILURES EXPERIENCED DURING GROUND PROCESSING ACTIITY CAN EE
FQUNLD [N THE PRACA DATABASE. THE FAILURE HISTORY DATA PROWIDEDR BELOW IS NO
LONGER BEING KEPT UF-TQ-DATE.

THREE SIGMIFICANT ACCUMULATOR SENSOR FAILURES WERE:

KB2380-310 "PRESSURE TRANSDUCER EXHIBITED A NON-LINEAR BIAS LOW CONDITON"
{DB/SZ)

KEZESP-N0 "HYD BOOTSTRAP ACCUMULATOR #3 GNZ PRESSURE 1S INDICATING 1824 AT
72 DEG F: SHOWLD BE 1750 PSIA AT 70 DEG FT {3/53)

KEZEBT-010 " HYD SYSTEM 3A PRESSURE 1S BIASED LOW (-BD PSIY (11/93)

(E) OPERATIONAL USE:
ATTEMPT & DELAYED START FOR AFFECTED SYSTEM TC ALLOYY FOR INTERSYSTEM
LEAKAGE FROM THE GTHER TWQ SYSTEMS AND ATMOSPHERIC PRESSURE TO PROVIDE
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FAGE: T PRINT DATE. D7 /5995
FAILURE MQDRES EFFECTS ANALYSIS (FMEA) -- CIL FAILURE MODE
NUMBER: (2-5-EZ4-PT-02

THE NECESSARY HEAD PRESSURE FUR THE FAILED SYSTEM. THIS METHOD HAS NCT
BEEM FEEVIOUSLY TESTED IN FLIGHT

- APPROVALS -

EDITORIALLY APPROVED  : BNA _J Komura 1-36-95
TECHNICAL APPROVAL - VIAAPPROVAL FORM ., 95-CIL-009_02-5
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